Alcohol intoxication is frequent among adult patients with TBI admitted to emergency departments, 10, 23 although large studies in which a high percentage of patients with measured blood alcohol concentrations (BACs) are included are sparse. Among health care professionals it is commonly assumed that alcohol reduces consciousness in patients with TBI, thereby limiting the clinical applicability of the GCS score in intoxicated patients. If a low GCS score in alcohol-positive patients is incorrectly attributed to alcohol, the result could be an underestimation of injury severity and unnecessary delay of important diagnostic and therapeutic interventions. 21 On the other hand, overestimation of injury severity could result in overconsumption of expensive, highly specialized treatment, including unnecessary and potentially risky intervention.
Previous studies have failed to show a consistent relationship between BAC and level of consciousness in patients with TBI. Some studies have found that high BAC lowers GCS scores, 1,4,6,13 whereas 2 large-scale studies concluded that no clinically significant effect existed. 17, 21 In the latter studies brain injury severity was controlled for by using the Abbreviated Injury Scale (Head AIS). In a more recent study, Lange et al. studied the effect of alcohol in patients with (23.4%) and without intracranial traumatic findings based on CT scans from the day of injury. 7 Most patients had mild TBI, and an effect of alcohol on GCS score was found in only a small subgroup of patients (n = 14) with traumatic intracranial CT findings, lower GCS scores, and a high BAC. In contrast to patients with mild TBI, most patients with moderate and severe TBI will have abnormal findings on CT scans obtained at admission. Hence, it is possible to further adjust for brain injury severity with methods that incorporate CT findings indicating increased intracranial pressure (ICP) that affects consciousness. To our knowledge, no such study has previously been performed.
The aim of this study was to assess the effect of alcohol on GCS score in patients with moderate and severe TBI, and also to adjust for brain injury severity based on admission Rotterdam CT score. 9 We used 4 BAC groups and hypothesized that higher BAC would predict lower GCS scores. We divided the patients into 2 groups based on the Rotterdam CT score to study if the influence of alcohol would have a greater effect in patients with fewer CT findings and thus also fewer signs of increased ICP.
Methods

Patient Population
All patients with moderate-to-severe head injuries according to the Head Injury Severity Scale (or HISS) 18 who were admitted to St. Olavs University Hospital in Trondheim, Norway, during a 7-year period (October 2004-October 2011) were registered (n = 399). The hospital is the only Level I trauma center in a region of 680,000 inhabitants. Of all registered patients, 265 were between 16 and 70 years old, and of these, 48 patients had missing BAC values, leaving 217 patients (82%) for further analysis. Although the legal drinking age in Norway is 18 years, we decided to include patients between 16 and 18 years because underage drinking is common. Injury severity and outcome data on the patients with missing BAC values are also presented, to evaluate if there were any selection bias. Intoxicated patients, in whom mild TBI had been evaluated because of falsely low GCS scores during the first hours postinjury, were not included.
1,20 injury Variables and Outcome assessment
All prehospital and in-hospital variables were collected prospectively during the study period. The GCS scores were collected at the accident scene (by anesthesiologists), the primary hospital (by residents in general surgery), or on admission to the Level I trauma center (by residents in neurosurgery). Preintubation GCS scores were used for intubated patients, whereas the GCS scores obtained on admission were used for the nonintubated patients (n = 95). In 2 patients the GCS scores before intubation at the primary hospital were missing, and prehospital scores were used.
Secondary events defined as prehospital or admission hypoxia (O 2 saturation < 92%) and/or hypotension (systolic blood pressure < 90 mm Hg), any pupillary dilation (prehospital and/or on admission), and intubation status were registered. Injury Severity Scores (ISSs) were estimated for all patients (by S.H. and K.G.M.) and used as a measure for overall injury severity. 2 Global outcome was assessed 12 months postinjury by telephone or personal contact, using the structured interview for the Glasgow Outcome Scale Extended (GOSE). We used the 6-month outcome if the 12-month GOSE score was missing (n = 7). In addition, 1 patient died of a cause other than the TBI, 1 patient could not be assessed, and 9 patients were lost to follow-up in the whole cohort.
Classification of CT Scans
The CT scans obtained on admission were reviewed by a radiologist (I.H.S.; see Acknowledgments) or a resident in neurosurgery (K.G.M.) in cooperation with 3 neuroradiologists and classified according to the Rotterdam CT classification (best score 1, worst score 6).
9 This classification is based on CT findings found to have prognostic value in TBI, such as midline shift and compression of basal cisterns (signs of increased ICP), traumatic subarachnoid hemorrhage or intraventricular hemorrhage, and the presence of epidural hemorrhage ([EDH] reducing the score by 1). The Rotterdam CT score was used to adjust for injury severity by dichotomization, yielding 2 groups based on the severity of the radiological findings; Rotterdam CT scores of 1-3 and Rotterdam CT scores of 4-6. To eliminate the effect of subtracting 1 point from patients with EDH, we also categorized without subtracting 1 point and evaluated the effect on the overall results again. Seven patients then changed category; from Rotterdam CT scores of 1-3 to 4-6.
Determination of BAC
Blood samples for alcohol screening are routinely collected from all patients older than 16 years on admission at St. Olavs University Hospital with moderate and severe TBI. The BAC value is expressed in milligrams per deciliter. We used an enzymatic method for determining BAC from plasma based on the reaction of alcohol dehydrogenase on alcohol and conversion of nicotinamide adenine dinucleotide (NAD) to NAD + hydrogen (NADH). The alcohol concentration is indirectly determined through a constant relationship with the NADH concentration, measured with spectrophotometry at 340 nm. In our study an approved system by Roche Modular P was used (NS-EN ISO/IEC 17025).
The patients were described as alcohol positive (BAC > 0 mg/dl) and alcohol negative (BAC 0 mg/dl). The patients were also divided into 4 BAC groups according to recommendations given by Lange et al. 7 The groups were slightly different from those used in that study, to secure more even numbers: BAC 0; > 0 to < 150; 150 to < 250; and ≥ 250 mg/dl. It should therefore be noted that this grouping was not based on a clinical BAC scale.
Statistical analysis
Patient and injury characteristics are given as percentages, mean ± SD, and median with interquartile range (IQR). Distribution of data was tested using quantilequantile plots and the Shapiro-Wilk test for normal distribution. The GCS score was not normally distributed, and nonparametric tests (Mann-Whitney U-test) were used for analyses. For categorical variables the chi-square or the Fisher exact test was used.
Scatterplots were first visually inspected to find relationships between BAC and age, GCS score, ISS, and Rotterdam CT score. The Spearman correlation coefficient was then used to quantify any correlations between the variables. A linear nonparametric trend test (Stata command: nptrend) was used to test for trends in GCS score with increasing Rotterdam CT score. Ordinal logistic regression with GCS score as the dependent variable and age and BAC as explanatory variables was used to test the effects of BAC. Odds ratios were calculated for each BAC group, with the BAC group = 0 as the reference. The GCS scores were inverted to give an OR > 1 and were thus more intuitive to interpret. To evaluate whether the effect of alcohol depended on brain injury severity, analyses were performed separately in the 2 subgroups of patients based on the Rotterdam CT score (scores of 1-3 and 4-6).
The statistical significance level was set to p < 0.05 (2-sided) and a 95% confidence interval was used. The data were analyzed using IBM SPSS Statistics version 21.0 and STATA version 12.0 for Mac.
ethics approval
The Regional Committee for Medical Research Ethics approved the study. Written informed consent was obtained from surviving patients or, for incapacitated individuals, their next of kin. The Norwegian Directorate of Health approved use of data from deceased individuals.
results
Demographic and injury Variables in the tBi cohort
There were no significant differences between patients included in the analysis and those excluded due to missing BAC values, but the latter tended to be older and to have higher GCS scores (Table 1) . Table 2 shows demographic and clinical data for the 217 patients with measured BAC. Of these, 94 patients (43%) were alcohol positive. The median GCS score of all patients was 8 (IQR 5-12), and 91% of the patients had intracranial CT findings. A total of 72% had Rotterdam CT scores of 1-3, and 28% had Rotterdam CT scores of 4-6; also, 43% were alcohol positive in both groups.
Comparison of Alcohol-Positive and Alcohol-Negative Patients
The median GCS score was significantly lower in the alcohol-positive patients (6.5, IQR 4-10) than in the alcohol-negative patients (9, IQR 6-13; p < 0.01) ( Table 2 ). More alcohol-positive patients (65%) had GCS scores ≤ 8 than alcohol-negative patients (46%, p < 0.01). The median GCS scores by BAC group are presented in Fig. 1 . A significant linear decrease in GCS score with increasing Rotterdam CT score was observed among alcohol-negative patients (p < 0.001) ( Table 3) .
Falls were the most common cause of injury among alcohol-positive patients (49%), whereas motor vehicle accidents was the most common cause in the alcoholnegative group (56%) (p < 0.01). A larger proportion of alcohol-negative patients were intubated at the scene of the accident (p = 0.045). There were no significant differences in age, pupillary dilation, presence of prehospital and/or admission hypoxia and hypotension, ISS, Rotterdam CT scores, or GOSE scores between alcohol-positive and alcohol-negative patients ( Table 2) .
Prediction of GCS Score by BAC Group
In the whole patient group, BAC significantly predicted lower GCS score in a dose-dependent manner in age-adjusted analyses (Table 4 ; Fig. 1 ). When the patients were stratified according to injury severity, we found that BAC significantly predicted lower GCS score only among patients with Rotterdam CT scores of 1-3. Again, the decline in GCS score was observed with increasing BAC group and the prediction was significant for BAC ≥ 150 mg/dl. In contrast, BAC was not a predictor for GCS score in patients with Rotterdam CT scores of 4-6. The BAC and GCS scores correlated significantly (r = -0.245, p < 0.01), but otherwise no significant correlation between BAC, age, and other injury variables (ISS or Rotterdam CT score) was found.
The reclassification of 7 patients with EDH from Rotterdam CT scores of 1-3 to 4-6 did not change the results substantially (data not shown).
Discussion
The main finding in this prospective study of patients with moderate and severe TBI was that alcohol reduced GCS scores. We found that GCS scores gradually decreased when BAC group increased. Interestingly, subgroup analysis showed that this relationship was only found among patients with a Rotterdam CT score of 1-3, and not among patients with higher Rotterdam scores and consequently more CT findings and signs of increased ICP.
Influence of Alcohol and Effect on GCS Score
Our results demonstrating a decrease of the GCS score with higher BAC levels in patients with TBI are in accordance with some previous studies. 1, 4, 6, 13 In the most recent study, Shahin et al. found larger differences between GCS score on admission and best Day 1 GCS score in intoxicated patients (BAC > 80 mg/dl) than in the nonintoxicated patients. 13 In contrast to this, 2 other studies failed to demonstrate a clinically significant effect of alcohol in the vast majority of TBI patients. 7, 17 However, subgroup analyses in these 2 studies showed some effect in the more injured patients. Sperry et al. found a clinically significant effect (defined as > 1 point GCS score difference) of alcohol among intoxicated patients (BAC > 80 mg/dl) in the most injured patients: those with head AIS scores of 5. 17 A limitation of their study is that BAC was measured selectively, and they do not report the percentage of patients from the total cohort who had measurement of BAC.
Also, in the study by Lange et al., in which 62% of all patients had a GCS score of 15, no effect was found in most TBI patients. However, in a small subgroup (n = 14) of patients with high BAC (> 200 mg/dl) and intracranial abnormalities detected on CT scanning, GCS scores were reduced. 7 On the other hand, Stuke et al. 21 showed no clinically significant effect even in subgroups of patients with head AIS scores of 3-6 in their comprehensive registry study. They included the whole severity spectrum of patients with and without TBI, in which only 45% of the registered patients had BAC measured. Also, the exact BAC values were not available, and therefore difference in GCS scores were only studied in alcoholpositive (BAC-positive) versus alcohol-negative patients.
Subgroup Analyses of Patients With Different Brain Injury Severity
We observed that the effect on GCS score was limited to patients with Rotterdam CT scores of 1-3. These patients typically have cortical contusions and/or hemorrhages, mostly with no signs of increased ICP, and 9% of the patients in our study even had no CT findings. Patients with Rotterdam CT scores of 4-6 all have signs of increased ICP (midline shift and/or compressed or absent basal cisterns), which reduces consciousness in patients with acute TBI. 5 Thus, it is likely that the CNS-depressing effect from alcohol is overrun by the brain injury itself in those patients. This finding is in agreement with the assumptions of many clinicians that alcohol is not important for level of consciousness in the more severely injured patients.
To study alcohol effects on GCS score, one should adjust for other factors known to affect consciousness, such as increased ICP and traumatic axonal injury (TAI). 15 Therefore, we used the Rotterdam CT score calculated from visual inspection of the admission CT scans to stratify patients into 2 brain injury severity groups. This was done because findings that are associated with increasing ICP were presumed to correlate with increasing CT score for most patients. 11 We found a significant linear decrease in GCS score with increasing Rotterdam CT score in alcohol-negative patients, a finding that also supported our use of this method. In addition, the occurrence of intraventricular and/or subarachnoid hemorrhage often found in patients with TAI will add 1 point to the score. 16 
Effect of Alcohol in Patients With Moderate and Severe tBi
In comparison with most other studies, we included only patients with moderate and severe TBI (the median GCS score was 8), and almost all of our patients had intracranial CT findings. All patients included had some degree of alteration in mental status or focal neurological deficits, and it therefore seems that BAC can be a source of error in the early neurological assessment of patients with moderate and severe TBI. We could speculate that patients with moderate and severe TBI may experience a synergistic effect between alcohol and the brain injury during the first hours postinjury. alcohol Dose Dependency We used 4 BAC groups to study the effect of alcohol on the GCS score, and therefore we were able to test for dose-response effects. The effect of increasing BAC was dose dependent, so that patients in the higher BAC groups (≥150 mg/dl) had significantly lower GCS scores than those in the alcohol-negative group. This is in accordance with some of the findings in the study of Lange et al., in which high BAC (> 200 mg/dl) was found to reduce GCS scores in 14 patients with abnormal CT scans. 7 Several other studies have, however, used a single cutoff for BAC to classify patients into 2 groups. 13, 17, 21 Thus, they fail to identify any dose-dependent relationships between BAC and GCS scores, and the effects from very high BAC may be missed. Large individual differences in alcohol tolerance also militate against the use of a single cutoff value. 22 It should be noted, however, that the BAC grouping was not based on a clinical scale but rather was chosen to get more even groups.
Incidence of Alcohol-Positive Patients in the TBI Cohort
In our cohort of patients with moderate and severe TBI, 43% had BAC > 0. However, because 18% of all patients had no BAC measurement, the exact percentage may be slightly different. Although the patients without BAC were similar to the patients with BAC with regard to most injury variables and outcomes, there was a tendency to older age and higher GCS scores in the former group. Thus we would suggest that fewer patients were alcohol positive among patients with missing BAC, and 43% is probably a marginal overestimation.
Strengths and Limitations of the Study
The sample size of 217 patients was large in this prospective TBI study. The fact that 82% of the patients in the total cohort had their BAC measured is a strength; most alcohol TBI studies have a much lower percentage 7, 13, 21 or have not reported it. 17 Brain injury severity was measured with the Rotterdam CT score, which is an injury scoring system based on admission CT scans that includes factors known to affect consciousness in patients with TBI. However, a limitation of the Rotterdam CT classification is that an epidural mass lesion reduces the score by 1, since this scale was developed as a prognostic measure. Therefore we also performed the analyses by reclassifying the 7 patients with EDH into the group with Rotterdam CT scores of 4-6. The results were the same. Also, some of these patients with severe TAI and no intracranial hypertension were still classified in the brain injury severity group with Rotterdam CT scores of 1-3. Thus, it would have been preferable to also adjust for TAI lesions on the MRI study, and especially the occurrence of, for example, bilateral TAI brainstem lesions.
14 However, because MRI is currently not a part of the routine acute examination, 14 this neuroimaging modality was performed in only a limited number of the cohort, and further adjustment for lesions known to be a sign of severe TAI could not be done in this study. Moreover, there is no reason to believe that TAI should be more prevalent among the alcohol-positive patients, because traffic accidents were more common causes of injury in the alcohol-negative group. The sample size in BAC subgroups with Rotterdam CT scores of 4-6 is small, and a Type II error cannot be ruled out. We did not adjust for variations in time from injury to GCS score evaluation and blood sampling. It is also likely that another grouping of BAC values would have given a significant decline in GCS score at a different BAC level than we observed. 7 Possible effects from drug use and abuse of illegal substances are not documented in this patient material and make up a possible confounding factor.
conclusions
In this prospective study we found that the influence of alcohol may be a source of error in the assessment of reduced consciousness in patients with moderate and severe TBI. The reduction of GCS score with increasing BAC was only found in patients with Rotterdam CT scores of 1-3. Such patients typically have cortical contusions and/ or hemorrhages, mostly without any signs of increased ICP, and some even have no CT findings. No such relationship was found among patients with more CT findings and signs of increased ICP (Rotterdam CT scores of 4-6). This finding is in agreement with the assumption of many clinicians that alcohol is not of importance for level of consciousness in the most severely injured patients. Hence, there is a risk of overestimating the injury severity among some alcohol-positive patients without severe CT findings who are assumed to have a moderate or even severe TBI during neurological assessment in the emergency phase. A liberal wake-up regimen in the intensive care unit setting in some patients might be supported based on our findings. Reduced GCS scores must not be attributed, however, to alcohol intoxication before a head CT scan is performed, and also, some patients may have severe TAI that could explain a low GCS score despite no or modest injury on CT scan. 
